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(57) ABSTRACT

A vehicle sound generation apparatus 20 is constituted by a
first pressure sensor 21a, a second pressure sensor 215, a
signal processing section 24 which performs processing of
changing pressure signals output from the first pressure
sensor 21a and the second pressure sensor 215 in accordance
with the operation state of an automobile 10, and speakers
28a, 285 which output, as an intake sound of an engine 12,
a sound pressure signal processed by the signal processing
section 24. The first pressure sensor 21a is provided on an
intake duct 15 connecting an air cleaner 16 and a throttle
body 17 at a position between the air cleaner 16 and the
center of the intake duct 15, and the second pressure sensor
215 is provided between the engine 12 and the throttle body
17.

17 Claims, 14 Drawing Sheets

GONTROL

a4
OPERATION
SECTION

SECTION

35
MEMORY
SECTION



US 9,479,851 B2
Page 2

(1)

(56)

Int. CL.
G10K 11/16

HO3B 29/00
HO04B 15/00
HO4R 1/00

G10K 15/02
FO02M 35/10
FO2M 35/12

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

References Cited

U.S. PATENT DOCUMENTS

5,967,129 A *

7,088,829 Bl *

2005/0094826 Al
2010/0286944 Al*

5/2005 Morishita
11/2010 Reihlen GO1D 15/00

702/122

2013/0230185 Al 9/2013 Osawa et al.

FOREIGN PATENT DOCUMENTS

JP 2005-134749 A 5/2005
JP 2005-282526 A 10/2005
JP 2007-212616 A 8/2007
JP 2008-013064 A 1/2008
WO 2012/141325 Al 10/2012
WO 2012/141326 Al  10/2012

OTHER PUBLICATIONS

10/1999 Yamashita .......... F02D 41/1495 Official Communication issued in International Patent Application
123/674 No. PCT/JP2013/061271, mailed on Jul. 23, 2013.
8/2006 Schick ....ccccoeeveee. B60Q 5/00
381/61 * cited by examiner



U.S. Patent Oct. 25, 2016 Sheet 1 of 14 US 9,479,851 B2

FIG.1
10
) |
28a 7] 12 98
31
: .
13 —~—11

FIG.2

SZE 17 14

29b

~12




US 9,479,851 B2

Sheet 2 of 14

Oct. 25, 2016

U.S. Patent

06—~

NOLLO3S
AHOW3INW

gg

NOILOIS
TOHLNOD

NOLLO3S
NOILVYY3dO

ve—/

HOSN3S
dd3dsS FT0IHIA

ec—/

dOSN3S
ONIN3dO

8-

q8z'e8e

ow\

d3HMNdNY

v/d

dviA

L2

97—

*’omw J
dvIN

d31114

dOSN3S
NOILV.1OH

1g—’

dOSN3S
—  3dNSS3Hd
ANOO3S

Tmm -/
dvn

egg

gz’

asv

HaAXIN

qrz-/

e’

¢ DId

gz

-’

HOSN4S
— JHNSS3™d
1SHIH

ez’



U.S. Patent Oct. 25, 2016 Sheet 3 of 14 US 9,479,851 B2

(a)
29a— |
15
(b)
21e
I/ |
21d ;Eﬂv 21a(21b)
iy 1 .
2ic v 1
J—29a(29b)
29¢(29d)
7 15(14)
(' N N \g__ \\3

15a



U.S. Patent Oct. 25, 2016 Sheet 4 of 14 US 9,479,851 B2

FIG.5

VOLTAGE (V)
B

50 250 PRESSURE(kPa[abs])



U.S. Patent Oct. 25, 2016 Sheet 5 of 14 US 9,479,851 B2

FIG.6

PRESSURE

OUTPUT
VOLTAGE

+

FIG.7

GAIN
ADJUSTMENT

(dB)
+

FREQUENCY(Hz)



U.S. Patent Oct. 25, 2016 Sheet 6 of 14 US 9,479,851 B2

FI1G.8

THROTTLE
OPENING

100%
+a;5dB | +a,5dB | +assdB | +as5dB

80%
+ay4dB | +a54dB | +a34dB | +as,dB

60%
+a;3dB | +a53dB | ta3;dB | +as3dB
40%

+a12dB +322dB +a32dB +a42dB
20%

+a11dB +a21dB +a31dB +a41dB
25%  50%  75%  100% ENGINE SPEED (rpm)




U.S. Patent Oct. 25, 2016 Sheet 7 of 14 US 9,479,851 B2

FIG.9

1/3 OCTAVE
CENTER
FREQUENCY
(H2)

ye

ENGINE SPEED (rpm)

FIG.10

GAIN
ADJUSTMENT
(dB)

+

ye

1/3 OCTAVE CENTER
FREQUENCY (Hz)



U.S. Patent Oct. 25, 2016 Sheet 8 of 14 US 9,479,851 B2

FIG.11

THROTTLE
OPENING

100% ;
80%

60%

/C
S -
\
ﬁy?/ /
NG "
25% 50% 75% 100% ENGINE SPEED (rpm)

40%

20%




US 9,479,851 B2

Sheet 9 of 14

Oct. 25, 2016

U.S. Patent

NOILO3S
AHOWIW
Ge—
NOLLO3S
NOLLYYAdO
ve—
YOSN3S
oLLos g33dsS F10IHIAA
— _J
0~ 0YINOD £e
HOSN3S
HNINIAO
A
YOSN3S
NOLLY.LOY
g’
om 4OSNIS
ogg NOLLO3S % m_m_mwwwm_a
_ HNISSIO0Yd NOILOIS —
HIHIAAY — v/0 | dVI HILTH HH NolSeauig H 0/V [ ONISSIOodd Huaxiw [ 91
= 97~ imwk Y= 3SION gz~ | ALVOISION | === H JOSNIS
I o) 7 WNSSTHd
| 1S9
q87'e8z T g
ob N vg—



US 9,479,851 B2

Sheet 10 of 14

Oct. 25, 2016

U.S. Patent

NOLLO3S
AHOWIN

ce—/

0€ ~

NOILD3S
TOHINOD

NOILD3S
NOILLVYH3dO

ve—

d3AEHNdNY

T

v/d

dviN
ﬁomm _J

d317I4

(e

q8¢'ege

om\

97—

dvi
_vﬁsNL

dVvIN

egg -/

Go-/

NOILOIS
DNISS3O0dd
NOISS3HddNS
3SION

vz

ey

¢1DId

dOSN3S

NOILVYHI 130DV

is—

HOSN3S
FHNSSIHd
aNOO3S

]

HIXIN

qig—

A

NOILD3S
a/Ny ¥ DNISSIO0Nd
7 31VD 3SION
-’

—

HOSN3S
FHNSS3Ud
1Sdd

elg—




US 9,479,851 B2

Sheet 11 of 14

Oct. 25, 2016

U.S. Patent

q8¢'e8¢

NOLLDAS
AHOW3W
Ge—
NOLLO3S
NOILLYY3dO
ve—
NOLLO3S
0g—| TOMLINOO
HOSN3S
n_@_ IHNSSIHd
o627 NOILO3S % aNoD3s
HNISSIOONd NOLLOJS T
HIEMNdAY - v/a dv REINIE! NOISSaNgdns [ 47V [ ONISSFO0Nd H HIXIN 19
Lz~ 9z’ _vamuk Y Lm_m_oz ez mw\ D 3SION e »ﬁ mmOmzmwn_
ey v HNSSIY
dviN 1Syl
eGg — ejg-—/
8\ vz~

1 DI



U.S. Patent Oct. 25, 2016 Sheet 12 of 14 US 9,479,851 B2
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1
VEHICLE SOUND GENERATION
APPARATUS, AND VEHICLE SOUND
GENERATION METHOD

TECHNICAL FIELD

The present invention relates to a vehicle sound genera-
tion apparatus and a vehicle sound generation method for
transmitting the intake sound of an engine of a vehicle to an
occupant inside the vehicle.

BACKGROUND ART

A recent vehicle such as an automobile is designed so as
to minimize engine sound and sounds generated as a result
of travel of the vehicle, to thereby make occupants more
comfortable and to prevent radiation of noise to the outside
of'the vehicle. However, such design brings about a problem
in that the relation between the actual traveling conditions
(vehicle speed, etc.) and the sound heard by the occupants
becomes weak, and drive feeling deteriorates. In order to
solve such a problem, there has been developed a vehicle
sound generation apparatus which causes a speaker to pro-
duce an engine sound toward the interior of the vehicle cabin
without radiating any sound to the outside of the vehicle.
Such an apparatus is disclosed in, for example, Japanese
Patent Application Laid-Open (kokai) No. 2008-13064.

This vehicle sound generation apparatus (operating sound
transmission apparatus) includes a sound pressure sensor
disposed at an intake air introduction port or inside an intake
pipe of an engine; a rotary pulse sensor for detecting ignition
pulses of the engine; an accelerator opening sensor for
detecting an amount by which an accelerator pedal is
pressed down; a speaker and a controller which are disposed
in the engine compartment or the cabin and produces an
operating sound of the engine. The controller includes an
order filter which changes a sound wave signal output from
the sound pressure sensor and passing therethrough, in
accordance with an input frequency from the rotary pulse
sensor; and a level adjustor which increases and decreases
the level of the sound wave signal having passed through the
order filter in accordance with an opening signal from the
accelerator opening sensor. The sound wave signal output
from the controller is amplified by an amplifier and is output
from the speaker.

However, in the case of the above-described conventional
vehicle sound generation apparatus, a plurality of sound
pressure sensors are attached to an external air introduction
port of an air cleaner and an external air introduction port of
an air duct disposed on the upstream side of the air cleaner.
Or, a plurality of sound pressure sensors are attached to an
intake manifold. Therefore, in the case where sound pressure
sensors are attached to the air cleaner and the external air
introduction port of the air cleaner, the detection of the
sound pressure of intake sound is difficult, because the
intake sound is of low level. As a result, an apparatus for
accurately reproducing intake sound is required. In the case
where sound pressure sensors are attached to the intake
manifold, since the sound pressure sensors are located near
the engine, which generates explosion sound, the variation
of pulsation becomes large, which raises a problem in that
the sound produced by the speaker becomes rough and
irritating.

Moreover, in the case where microphones are used as
sound pressure sensors and are attached to the air cleaner
and the external air introduction port of the air cleaner, the
microphones detect external sounds in addition to intake
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sound, which raises a problem of difficulty in obtaining a
desired engine intake sound. Also, there arises a problem in
that it is difficult for microphones to maintain their perfor-
mances over a long period of time in a severe environment
in the engine compartment in which parts must have dura-
bility against heat, water, oil, and dust.

SUMMARY OF THE INVENTION

The present invention has been accomplished in order to
solve the above-described problems, and its object is to
provide a vehicle sound generation apparatus and a vehicle
sound generation method which detect the pressure of intake
pulsation on the upstream and downstream sides of an intake
duct, to thereby enable generation of comfortable sound
inside a vehicle, the sound closely resembling the actual
intake sound of an engine and being low in noise level.
Notably, in the following description of constituent elements
of the present invention, in order to facilitate understanding
of the present invention, symbols representing correspond-
ing portions of an embodiment are described in parentheses.
However, the constituent elements of the present invention
should not be construed to be limited to the configurations
of'the corresponding portions of the embodiment denoted by
the symbols.

In order to achieve the above-described object, the present
invention provides a vehicle sound generation apparatus (20,
40, 50, 60) for transmitting intake sound of an engine (12,
72, 83, 102) of a vehicle (10, 100) to an occupant in the
vehicle, comprising:

a first pressure sensor (21a, 61a, 81a) which is provided
on an intake duct (15, 85) which connects together an air
cleaner (16, 86) provided on a side toward an intake port for
introducing external air and a throttle body (17, 77a, 87)
provided on a side toward the engine, the first pressure
sensor being located on the air cleaner side of a midpoint
between the air cleaner and a throttle valve (775) provided
in the throttle body, detecting pressure of intake pulsation of
the engine, and outputting a pressure signal representing the
detected pressure;

a second pressure sensor (215, 615, 715, 815) which is
provided between the engine and the throttle valve and
which detects the pressure of the intake pulsation of the
engine and outputs a pressure signal representing the
detected pressure;

a signal processing section (24) which performs process-
ing of changing the pressure signals output from the first and
second pressure sensors in accordance with an operation
state of the vehicle; and

a speaker (28a, 28b, 1084, 1085) disposed in the vehicle
and outputting the pressure signals processed by the signal
processing section as an intake sound of the engine.

The vehicle sound generation apparatus of the present
invention allows a driver to clearly hear the intake sound of
the engine corresponding to the operation state which
changes as a result of operation by a driver, while radiating
the intake sound to the outside at a low level. Also, in the
present invention, the first pressure sensor is provided on the
intake duct connecting the throttle valve and the air cleaner
together such that the first pressure sensor is located at an
air-cleaner-side portion of the intake duct. Therefore, it
becomes possible to effectively detect the pressure variation
of the intake pulsation without being influenced by the
sound coming from outside the vehicle (e.g., wind noise)
and the drive sound and explosion sound of the engine.
Thus, the sound that the occupant hears inside the vehicle
becomes close to the actual intake sound of the engine.
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Also, since the second pressure sensor is provided
between the engine and the throttle valve so as to detect the
intake pulsation at that section, the intake sound reproduced
by the speaker corresponds to the intake pulsation of the
engine irrespective of whether the throttle valve is opened or
closed. For example, in the case where only the first pressure
sensor is provided on the upstream side of the throttle valve,
the following problem occurs. In a state in which the throttle
valve is closed almost completely or is opened only slightly
at the time of, for example, idling, deceleration, or light load,
transmission of intake pulsation of the engine, which is
produced as a result of opening and closing of intake valves,
to the upstream side is restricted by the throttle valve.
Therefore, the pressure change of the intake pulsation of the
engine is very small in the intake duct located upstream of
the throttle valve, and the first pressure sensor encounters a
difficulty in detecting the intake pulsation.

However, on the downstream side of the throttle valve, the
pressure change of the intake pulsation of the engine is
larger than that on the upstream side of the throttle valve.
Therefore, sound of intake pulsation of the engine can be
generated on the basis of the pressure detected by the second
pressure sensor. Thus, it becomes possible to enhance the
sound reproduced by the speaker at the time of idling or the
like, to thereby allow the driver to always hear the sound
corresponding to the operation of the engine inside the
vehicle.

Notably, the engine sound actually heard during a travel
of the vehicle is dominated by a component which is heard
from the external side; i.e., the upstream side of the air
cleaner. Therefore, according to the present invention, the
intake sound reproduced by the speaker becomes close to the
actual intake sound. Moreover, in the present invention, the
first pressure sensor and the second pressure sensor are
provided on the upstream and downstream sides, respec-
tively, of the throttle valve. Therefore, even at the time of
light load when the depressing amount of the accelerator
pedal is small, intake pulsation can be detected effectively.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a noise gate processing section (42)
which performs noise gate processing on the pressure sig-
nals before being processed by the signal processing section.
In this case, the pressure signals having undergone the noise
gate processing may be subjected to A/D conversion before
being processed by the signal processing section. The
vehicle sound generation apparatus according to the present
invention can generate a natural sound while removing noise
in an unnecessary region. Notably, the noise gate processing
may be performed on the pressure signals having undergone
A/D conversion.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a noise suppression processing section
(43) which performs noise suppression processing on the
pressure signals before or after being processed by the signal
processing section. In this case, preferably, the noise sup-
pression processing is performed on the pressure signals
before being processed by the signal processing section. The
noise suppression processing according to the present inven-
tion is performed through, for example, spectral subtraction,
which makes it possible to generate a natural sound while
removing noise in an unnecessary region.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a filer (25) prepared on the basis of a
relation between frequency and gain, wherein the signal
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processing section performs the processing of changing the
pressure signals by using the filer. According to the present
invention, the gain can be changed freely in accordance with
the frequency. Preferably, a plurality of types of filters are
prepared, and the tone of the intake sound generated by the
speaker can be changed among various types of tones (e.g.,
engine sound of a normal car and engine sound of a sports
car) by selecting one of the filters.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a rotation sensor (31, 103) for detecting
rotational speed of the engine, an opening sensor (32) for
detecting opening of the throttle valve, and a sound pressure
amplification map (25a) prepared on the basis of a relation
between the rotational speed of the engine detected by the
rotation sensor and the throttle opening detected by the
opening sensor, wherein the signal processing section per-
forms sound pressure amplification processing on the pres-
sure signals by using the sound pressure amplification map.

According to the present invention, on the basis of the
value of the rotational speed of the engine detected by the
rotation sensor and the value of the throttle opening detected
by the opening sensor, the sound pressure amplification
processing can be performed on the pressure signals output
from the first pressure sensor and the second pressure sensor,
or the gain of filter processing for processing the pressure
signals output from the first pressure sensor and the second
pressure sensor can be increased throughout the entire
frequency range. Although the sound pressure amplification
map can be prepared freely, preferably, the sound pressure
amplification map is prepared to provide a large degree of
amplification when the rotational speed of the engine is low
and the load of the engine is small and provide a small
degree of amplification when the rotational speed of the
engine is high and the load of the engine is large. Also,
according to the present invention, the speaker can repro-
duce in the cabin an intake sound whose attenuation char-
acteristic and transmission loss are similar to those of the
actual intake sound of the engine. Notably, the opening
sensor may be a sensor which directly detects the rotational
angle of the throttle valve or a sensor which detects the
depressing amount of the accelerator pedal as the throttle
opening.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a rotation sensor for detecting the rota-
tional speed of the engine and a gain adjustment map (2556)
which is prepared on the basis of a relation between fre-
quency and gain, wherein the signal processing section
obtains a frequency from the rotational speed of the engine
detected by the rotation sensor and the number of cylinders
of the engine, and adjusts a gain for the pressure signals by
using the obtained frequency and the gain adjustment map.
In this case, preferably, the frequency is a ¥4 octave center
frequency. However, the width of the frequency band where
gain adjustment is performed may be greater or less than %3
octave. Even in such a case, an advantageous effect is
achieved, although the degree of the effect may change
depending on the width.

According to the present invention, the N-th order (N:
integer) frequency component of the fundamental explosion
frequency of the engine which changes in accordance with
the number of the cylinders of the engine can be enhanced.
The frequency can be calculated from the rotational speed of
the engine and the number of cylinders of the engine, and the
pressure signals can be enhanced in accordance with the
N-th order frequency component determined from the rota-
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tional speed of the engine, by increasing the gain in a
frequency region corresponding to the rotational speed of
the engine by using the gain adjustment map. For example,
in the case of a four-cycle engine, since explosion occurs
within a cylinder one time per two rotations of the crankshaft
of the engine, the basic frequency becomes half of a fre-
quency corresponding to the rotation speed of the engine.

In the case where the engine has four cylinders and
explosion occurs in these cylinders at equal intervals without
overlapping, the frequency becomes four times the fre-
quency corresponding to the rotation speed of the engine.
The frequency used for gain adjustment can be obtained
from the frequency calculated in the above-described man-
ner. Notably, it is difficult for the ears of the human being to
distinguish sounds which differ slightly in frequency. How-
ever, if the sounds have a frequency difference of about %3
of one octave, the ears of the human being can quite clearly
distinguish the sounds from each other. Therefore, when the
gain adjustment map is prepared on the basis of the relation
between the gain and the !5 octave center frequency, it
becomes possible to perform the processing of the pressure
signals at a level matching the sense of hearing of the human
being, which is more effective.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a rotation sensor for detecting the rota-
tional speed of the engine, an opening sensor for detecting
the opening of the throttle valve, and an effector processing
map (25¢) which is prepared on the basis of a relation
between the rotational speed of the engine detected by the
rotation sensor and the throttle opening detected by the
opening sensor and which has a compressor processing
region and a reverberator processing region, wherein the
signal processing section performs compressor processing
or reverberator processing on the pressure signals by using
the effector processing map.

In this case, preferably, the compressor processing is
performed when both of the value of the rotational speed of
the engine detected by the rotation sensor and the value of
the throttle opening detected by the opening sensor are
small, and reverberator processing is performed when one or
both of the value of the rotational speed of the engine
detected by the rotation sensor and the value of the throttle
opening detected by the opening sensor are large.

According to the present invention, the compressor pro-
cessing or the reverberator processing is performed on the
pressure signals output from the first pressure sensor and the
second pressure sensor, or on the pressure signals which is
obtained by processing the pressure signals output from the
first pressure sensor and the second pressure sensor on the
basis of the filter characteristic, in accordance with the
operation state of the vehicle. Thus, it is possible to enhance
the sound pressure and to exert a reverberation effect on the
intake sound produced by the speakers such that the occu-
pant feels the intake sound being prolonged and continuing.
In this case, the compressor processing for enhancing the
sound pressure is performed at the time of low rotational
speed and low load (when both of the value of the rotational
speed of the engine detected by the rotation sensor and the
value of the throttle opening detected by the opening sensor
are small).

Also, the reverberator processing is performed at the time
of high rotational speed (when the value of the rotational
speed of the engine detected by the rotation sensor is large),
at the time of high load (when the value of the throttle
opening detected by the opening sensor is large), and at the
time of high rotational speed and high load (when both of the
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values are large). Thus, the intake sound generated by the
speaker can be made comfortable. Notably, when the com-
pressor processing is performed at the time of high rotational
speed or at the time of high load, a portion whose sound
pressure level is high is compressed, and the generated
intake sound becomes unable to cause the occupant to feel
the intake sound being prolonged and continuing. Therefore,
in this state, the reverberator processing is performed to
cause the occupant to feel the intake sound being prolonged
and continuing.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising an acceleration sensor (51) for detecting
acceleration of the vehicle and a sound pressure amplifica-
tion map (25a) which is prepared on the basis of the
acceleration of the vehicle detected by the acceleration
sensor, wherein the signal processing section performs
sound pressure amplification processing on the pressure
signals by using the sound pressure amplification map.

According to the present invention, on the basis of the
value of the acceleration of the vehicle detected by the
acceleration sensor, the sound pressure amplification pro-
cessing can be performed on the pressure signals output
from the pressure sensors, or the gain of filter processing for
processing the pressure signals output from the pressure
sensors can be increased throughout the entire frequency
range. In this case, since the acceleration sensor can be
attached to an arbitrary location of the vehicle, the vehicle
is not required to be modified, and wiring does not become
complicated. Therefore, installation of the acceleration sen-
sor becomes easier.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention
resides in that an air flow meter (18, 89) for detecting the
flow rate of air is provided on the intake duct to be located
in the vicinity of and on the downstream side of the air
cleaner, and the first pressure sensor is provided at a position
which is offset from the air flow meter toward the throttle
valve by an amount of 20 cm or less. According to the
present invention, it is possible to detect the pulsation of
intake pressure produced in the intake duct by using the first
pressure sensor, while reducing noise. Variety of intake
ducts having different lengths exist. The results of an experi-
ment show that, even in the case where a short intake duct
was used, a good result was attained when the first pressure
sensor was provided at a position offset from the air flow
meter toward the throttle valve by an amount of 20 cm or
less.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a communication portion (29a) which
extends outward from a circumferential wall of the intake
duct, wherein a pressure sensing portion (21c¢) of the first
pressure sensor is disposed at a distal end of the communi-
cation portion, and a passage length of the communication
portion between its base end portion (15a) on the intake duct
side and the pressure sensing portion (21c) of the first
pressure sensor is set to a length equal to or less than a length
which causes resonance.

When the frequency of change of the pressure detected by
the first pressure sensor is equal to or higher than, for
example, 2 kHZ, a sound which is uncomfortable for the
occupant may be reproduced. Also, in general, each pressure
sensor outputs a pulsating signal including a DC component
when it detects a change in pressure. However, if this signal
is used as an acoustic signal as is, a problem arises, because
the acoustic signal is usually composed of an AC component
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only. Therefore, in the present invention, in order to prevent
generation of uncomfortable sound and to obtain a signal
which can be handled by ordinary acoustic equipment, there
are employed a high pass filter which cuts components
whose frequencies are equal to or lower than a very low
frequency (e.g., 1 HZ), and a low pass filter which cuts
components whose frequencies are equal to higher than 2
kHZ. Also, a pressure sensor whose sensitivity range is 1 HZ
to 2 kHZ may be used as the first pressure sensor.

In these cases, by setting the length of the communication
portion between the base end portion on the intake duct side
and the pressure sensing portion of the first pressure sensor
to, for example, 4 cm or less, it is possible to prevent
occurrence of resonance at the communication portion
between the base end portion on the intake duct side and the
pressure sensing portion of the first pressure sensor. Namely,
when the sound velocity of the intake sound is 340 m/s and
the required upper limit frequency of the intake sound is 2
kHZ, the wavelength is 170 mm (the sound velocity/the
frequency). In the case of a tubular body whose one end is
open and whose other end is closed, such as the communi-
cation portion connecting the intake duct and the first
pressure sensor, resonance occurs when the length of the
tubular body is equal to or greater than Y4 of the wavelength;
i.e., when the length is 42.5 mm or greater.

Therefore, the distance between the base end portion on
the intake duct side and the pressure sensing portion of the
first pressure sensor is set to 4 cm or less in consideration of
some margin. Thus, the communication portion can be made
shorter than %4 of the wavelength corresponding to the
required upper limit frequency. Thus, occurrence of reso-
nance can be prevented. According to the present invention,
an adverse effect on the detection by the first pressure sensor
can be prevented by providing the first pressure sensor via
the communication portion.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention is
further comprising a communication portion (296) which
extends outward from a portion (14, 74d, 84) which is
located between the engine and the throttle valve and to
which the second pressure sensor is attached, wherein a
pressure sensing portion of the second pressure sensor is
disposed at a distal end of the communication portion, and
a passage length of the communication portion between its
base end portion and the pressure sensing portion of the
second pressure sensor is set to a length equal to or greater
than the passage length of the communication portion for the
first pressure sensor between the base end portion and the
pressure sensing portion of the first pressure sensor. Accord-
ing to the vehicle sound generation apparatus of the present
invention, the length of the tubular communication portion
for attaching the second pressure sensor is made longish,
whereby sound produced as a result of rough pulsation of the
engine can be attenuated for mitigation.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention
resides in that each of the first pressure sensor and the
second pressure sensor measures both of positive and nega-
tive pressures. In the case where sensors which can measure
negative pressure only are used as the first pressure sensor
and the second pressure sensor, when a positive pressure is
generated (for example, when the accelerator pedal is
pressed down suddenly), the speaker may generate a dis-
torted sound or a crackling sound. In the vehicle sound
generation apparatus according to the present invention,
each of the first pressure sensor and the second pressure
sensor measures both of positive and negative pressures.
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Therefore, even in the full-load transition period, the intake
pulsation can be detected accurately without eliminating it,
whereby generation of a distorted sound or a crackling
sound can be prevented.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention
resides in that the DC component of a signal output from the
first pressure sensor (61a) is removed by a filer, and the
second pressure sensor (615) outputs a pulsating signal
including an AC component and a DC component.

Since an acoustic signal is usually composed of an AC
component only, it is not preferred to use a signal containing
a DC component as an acoustic signal as is. According to the
vehicle sound generation apparatus of the present invention,
since the DC component of the signal output from the first
pressure sensor is removed by a filer, generation of uncom-
fortable sound is prevented, whereby a desired acoustic
signal can be obtained. Meanwhile, the second pressure
sensor outputs a pulsating signal including an AC compo-
nent and a DC component. In this case, preferably, noise
suppression processing is performed on the AC component
of the output signal. Thus, the rotational speed of the engine
can be determined from the AC component of the signal
output from the second pressure sensor, and the load of the
engine can be determined from the DC component of the
signal output from the second pressure sensor. Accordingly,
it is possible to increase and decrease the sound pressure
properly while judging the operation state from these pieces
of information.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention
resides in that the engine (72) is an independent throttle type
in which throttle bodies (77a) are independently provided
for cylinders, the throttle bodies communicate with one
another through a balance pipe portion (77d) on the down-
stream side of the throttle valves (77b) provided in the
throttle bodies (77a), and the second pressure sensor (71d)
is provided on the balance pipe portion.

The vehicle sound generation apparatus of the present
invention allows a driver to clearly hear the intake sound of
the engine corresponding to the operation state which
changes as a result of operation by the driver, while radiating
the intake sound to the outside at a low level, even in the
case where the engine is an independent throttle type. Also,
since the second pressure sensor is provided on the balance
pipe portion, the intake pulsations of all the cylinders of the
engine can be detected (in the case of a V-type engine, all the
cylinders of one bank). Notably, in the present invention, the
intake duct refers to a portion between the throttle body and
the air cleaner. In the case where a surge tank is located
between the throttle body and the air cleaner, the surge tank
is considered to be a part of the intake duct.

Another configurational feature of the vehicle sound
generation apparatus according to the present invention
resides in that the engine (83) has a turbo charger including
a compressor (82a) located at an intermediate portion of the
intake duct (85), and the first pressure sensor (8la) is
provided at a position between the compressor and the air
cleaner. The vehicle sound generation apparatus of the
present invention allows a driver to clearly hear the intake
sound of the engine corresponding to the operation state
which changes as a result of operation by the driver, while
radiating the intake sound to the outside at a low level, even
in the case where the vehicle has a turbo charger.

The present invention provides a vehicle sound generation
method for transmitting intake sound of an engine of a
vehicle to an occupant in the vehicle, comprising:
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a pressure signal output step of detecting pressure of
intake pulsation of the engine by using first and second
pressure sensors and outputting pressure signals represent-
ing the detected pressures, the first pressure sensor being
provided on an intake duct which connects together an air
cleaner provided on a side toward an intake port for intro-
ducing external air and a throttle body provided on a side
toward the engine, the first pressure sensor being located on
the air cleaner side of a midpoint between the air cleaner and
a throttle valve provided in the throttle body, and the second
pressure sensor being provided between the engine and the
throttle valve;

a signal processing step, performed by a signal processing
section, of changing the pressure signals in accordance with
an operation state of the vehicle; and

an intake sound output step, performed by a speaker
disposed in the vehicle, of outputting the pressure signals
processed by the signal processing section as an intake
sound of the engine.

According to the vehicle sound generation method of the
present invention, it is possible to generate a comfortable
sound in the vehicle, the sound closely resembling the actual
intake sound of the engine and being decreased in noise
level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Plan view schematically showing an automobile
which includes a vehicle sound generation apparatus accord-
ing to a first embodiment of the present invention.

FIG. 2 Schematic view showing the positions of pressure
sensors of the vehicle sound generation apparatus according
to the first embodiment.

FIG. 3 Schematic diagram showing the configuration of
the vehicle sound generation apparatus according to the first
embodiment.

FIG. 4 Cross sectional views showing the positional
relation between an intake duct and a pressure sensor,
wherein (a) is an overall schematic cross sectional view, and
(b) is a cross sectional view showing how the intake duct and
the pressure sensor are connected together.

FIG. 5 Graph showing a pressure characteristic of the
pressure sensor.

FIG. 6 Graph showing output waveforms of pressure
sensors.

FIG. 7 Graph showing filter characteristics.

FIG. 8 Map for increasing/decreasing sound pressure in
accordance with engine speed and throttle opening.

FIG. 9 Graph showing the relation between engine speed
and %5 octave frequency.

FIG. 10 Gain adjustment map showing the relation
between 3 octave frequency and gain.

FIG. 11 Map for performing effector processing in accor-
dance with the engine speed and the throttle opening.

FIG. 12 Schematic diagram showing the configuration of
a vehicle sound generation apparatus according to a second
embodiment of the present invention.

FIG. 13 Schematic diagram showing the configuration of
a vehicle sound generation apparatus according to a third
embodiment of the present invention.

FIG. 14 Schematic diagram showing the configuration of
a vehicle sound generation apparatus according to a fourth
embodiment of the present invention.

FIG. 15 Schematic view showing the positions of pressure
sensors of a vehicle sound generation apparatus according to
a fifth embodiment of the present invention.
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FIG. 16 Schematic view showing the positions of pressure
sensors of a vehicle sound generation apparatus according to
a sixth embodiment of the present invention.

FIG. 17 Plan view schematically showing an automobile
whose engine is disposed at the rear thereof.

MODE FOR CARRYING OUT THE INVENTION
First Embodiment

A first embodiment of the present invention will now be
described with reference to the drawings. FIG. 1 schemati-
cally shows an automobile 10 including a vehicle sound
generation apparatus 20 (see FIG. 3) according to the first
embodiment. The automobile 10 is either an FF (front-
engine front-wheel-drive) vehicle or an FR (front-engine
rear-wheel-drive) vehicle in which an engine 12 is disposed
at the center of the front of a vehicle body 11. The automo-
bile 10 includes a pair of front wheels (unillustrated) pro-
vided at the left and right of the front of the vehicle body 11,
apair of rear wheels (unillustrated) at the left and right of the
rear of the vehicle body 11, and a handle 13. As shown in
FIG. 2, an air cleaner 16 is connected to the engine 12 via
a surge tank 14 and an intake duct 15. A throttle body 17 is
disposed at a connection portion between the surge tank 14
and the intake duct 15, and an air flow meter 18 is disposed
at an end of the intake duct 15 where the air cleaner 16 is
provided.

Fresh air is taken into the air cleaner 16 through an
external air duct, and foreign substances contained in the
fresh air are removed by the air cleaner 16, whereby clean
air is fed to the intake duct 15. In the throttle body 17, there
is provided a throttle valve which rotates around a shaft so
as to open and close an air passage inside the throttle body
17, whereby the amount of air fed through the intake duct 15
to the surge tank 14 is regulated in accordance with the
opening (position) of the throttle valve. The surge tank 14
temporarily stores air in order to decrease the flow rate of air,
thereby supplying an equal amount of air to a plurality of
cylinders of the engine 12. In the engine 12, fuel supplied
from a fuel system is mixed with the air supplied from the
surge tank 14, and the resultant mixture is burnt for explo-
sion, to thereby generate driving force. The air flow meter 18
detects the flow rate of the air flowing from the air cleaner
16 to the intake duct 15.

As shown in FIG. 3, the vehicle sound generation appa-
ratus 20 includes a first pressure sensor 2la, a second
pressure sensor 21b, a mixer 22, an A/D converter 23, a
signal processing section 24, a D/A converter 26, an ampli-
fier 27, and speakers 28a and 28b. A control section 30 is
connected to the signal processing section 24. In addition,
the vehicle sound generation apparatus 20 also includes a
rotation sensor 31, an opening sensor 32, a vehicle speed
sensor 33, an operation section 34, and a memory section 35
which are connected to the control section 30. The first
pressure sensor 21a is connected to an upper portion of the
circumferential wall of the intake duct 15 to be located in the
vicinity of the air flow meter 18 (see FIG. 2). Specifically,
as shown in FIGS. 4(a) and 4(b), the first pressure sensor
21a is connected to the upper portion of the circumferential
wall of the intake duct 15 by use of a tube 29¢ included in
a tubular communication portion 29a. The first pressure
sensor 21a detects changes in pressure (intake pulsation) in
the intake duct 15 and outputs the detected intake pulsation
in the form of voltage change.

The tube 29¢ is a flexible resin or rubber tube whose inner
diameter is 3 mm, whose outer diameter is 6 mm, and whose
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length is equal to or less than 4 cm. The tube 29¢ extends
upward from the upper portion of the circumferential wall of
the intake duct 15, and its internal space communicates with
the internal space of the intake duct 15. The first pressure
sensor 21a is attached to the upper end of the tube 29¢. The
first pressure sensor 21a is disposed with a pressure sensing
portion 21c¢ facing toward the communication portion 29a.
The pressure sensing portion 21¢ is accommodated in a case
21d which closes the upper end of the tube 29¢, and is
disposed on a base 21e provided on an inner wall surface of
the case 214 which is located opposite the tube 29¢. The
communication portion 294 is formed by the portions pres-
ent between the intake duct 15 and the pressure sensing
portion 21c¢. The center of a base end portion 15a of the
communication portion 29a (on the intake duct 15 side) is
located within a 20 cm range from the air flow meter 18.

The second pressure sensor 2154 is installed on the outer
wall surface of the surge tank 14 disposed downstream of the
throttle body 17, and is composed of a sensor which is
identical with the first pressure sensor 21a. Accordingly, in
FIG. 4(b), a portion corresponding to the surge tank is
denoted by 14, and a portion corresponding to the second
pressure sensor is denoted by 216. The second pressure
sensor 215 detects the intake pulsation occurring down-
stream of the throttle body 17 and outputs the detected intake
pulsation in the form of voltage change. The second pressure
sensor 215 is connected to the outer wall surface of the surge
tank 14 by use of a tube 29d (see FIG. 4(5) included in a
communication portion 295. This tube 294 is a flexible resin
or rubber tube whose inner and outer diameters are the same
as those of the tube 29¢ employed for the first pressure
sensor 21a and whose length is equal to or less than 50 cm.
Notably, the length of the communication portion 295 can be
decreased by providing a throttle therein, and it can be
rendered equal to the length of the communication portion
29a through proper adjustment.

FIG. 5 shows the pressure characteristic of the first
pressure sensor 21a and the second pressure sensor 21b.
Specifically, FIG. 5 shows that each of the first pressure
sensor 21a and the second pressure sensor 215 outputs a
voltage which is proportional to the pressure acting thereon.
The first pressure sensor 21a and the second pressure sensor
21b are designed to detect both positive and negative
pressures. The solid line in FIG. 6 shows an example of an
output waveform which is observed when pressure is
detected by use of the first pressure sensor 21a or the second
pressure sensor 216 and which shows the relation between
time and the detected pressure. The broken line in FIG. 6
shows an example of an output waveform which is observed
when the same pressure as that represented by the solid line
is detected by use of a pressure sensor capable of detecting
negative pressure only and which shows the relation
between time and the detected pressure. This output wave-
form shows that all portions of the waveform where the
pressure is equal to or higher than 0 are cut out.

The sensitivity range of the first pressure sensor 21a and
the second pressure sensor 216 is from 1 Hz to 2 kHz.
Notably, pressure sensors whose sensitivity range starts
from 0 Hz may be used as these sensors. In this case, the DC
components of the pressure signals output from the first
pressure sensor 21a and the second pressure sensor 215 are
removed by respective filters (unillustrated) for removing
the DC components and allowing only the AC components
to pass therethrough, whereby only the AC components of
the pressure signals are sent to the mixer 22. The pressure
signals sent to the mixer 22 are mixed together, and the
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resultant analog signal is converted to a digital signal by the
A/D converter 23. The digital signal is sent to the signal
processing section 24.

The signal processing section 24, which includes a filter
25, and maps 25a, 25b, and 25c¢, performs filtering process-
ing on the digital signal received from the A/D converter 23
in order to change its frequency characteristic. The filter 25
is composed of a plurality of filters, for example, filters a and
b whose characteristics are shown in FIG. 7. The filter a
whose characteristic is represented by a solid line in FIG. 7
increases gain in low- and high-frequency ranges, and
decreases gain in a range therebetween. The filter b whose
characteristic is represented by a broken line in FIG. 7
decreases gain in the low- and high-frequency ranges, and
increases gain in the range therebetween. Although not
illustrated, the filter 25 includes filters other than the filters
a and b, thereby allowing the driver to select a desired filter
from thereamong.

By means of selecting either one of the filters a and b
shown in FIG. 7, a sound to be produced can be changed, for
example, such that a sound imitating the engine sound of a
sports car is generated. The map 25a is employed so as to
change the level of the sound pressure signal received from
the A/D converter 23 and/or the gain of the filter 25
throughout the entire frequency range, and is composed of,
for example, a sound pressure amplification map shown in
FIG. 8. This sound pressure amplification map is employed
s0 as to increase the levels of the output signals of the first
pressure sensor 21a and the second pressure sensor 215
and/or the gain of the filter 25 throughout the entire fre-
quency range on the basis of the rotational speed (engine
speed) of the engine 12 detected by the rotation sensor 31
and the opening of the throttle valve detected by the opening
sensor 32.

The sound pressure amplification map shown in FIG. 8 is
a table prepared as follows. The range of the engine speed
rpm (the horizontal axis) between the minimum value (0)
and the maximum value is divided into four equal segments,
and the range of the throttle opening (the vertical axis)
between the minimum value (0) and the maximum value
(100) is divided into five equal segments. A gain to be added
is described in each of cells located at the intersections of
“throttle opening” rows and “engine speed” columns. By
means of obtaining different values from the map 254 on the
basis of different combinations of the engine speed and the
throttle opening and interpolating them, the levels of the
output signals of the first pressure sensor 21a and the second
pressure sensor 215 and/or the gain of the filter 25 can be
increased throughout the entire frequency range.

The map 255 is employed so as to change the level of the
sound pressure signal received from the A/D converter 23
and/or the gain of the filter 25 in a portion of the entire
frequency range, and is composed of a 4 octave center
frequency graph representing the relation between the
engine speed detected by the rotation sensor 31 and the %3
octave center frequency (see FIG. 9) and a gain adjustment
graph (see FIG. 10). By use of the 15 octave center frequency
graph shown in FIG. 9, a Y5 octave center frequency is
obtained from the engine speed detected by the rotational
sensor 31. By use of the gain adjustment graph shown in
FIG. 10, the value of the gain at the obtained 4 octave center
frequency is obtained. Subsequently, the levels of the output
signals of the first pressure sensor 21a and the second
pressure sensor 215 and/or the gain of the filter is increased
at a corresponding frequency.

The map 25¢ is employed so as to perform compressor
processing and/or reverberator processing on the pressure
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signals output from the first pressure sensor 21a and the
second pressure sensor 215, and/or the sound pressure signal
which is processed on the basis of the filter characteristic of
the filter 25. The map 25¢ is composed of an effector
processing map shown in FIG. 11. The effector processing
map shown in FIG. 11 is a table prepared as follows. The
range of the engine speed rpm (the horizontal axis) between
the minimum value (0) and the maximum value is divided
into four equal segments, and the range of the throttle
opening (the vertical axis) between the minimum value (0)
and the maximum value (100) is divided into five equal
segments. Areas located at the intersections of “throttle
opening” rows and “engine speed” columns are classified
into two areas; i.e., an area where compressor processing is
performed and an area where reverberator processing is
performed. By use of this effector processing map, effector
processing is performed on the sound pressure signal in
accordance with the value obtained from the engine speed
and the throttle opening.

In this case, in an area ¢ shown in FIG. 11 where both the
value of the engine speed detected by the rotation sensor 31
and the value of the throttle opening detected by the opening
sensor 32 are small (at low-speed low-load time), compres-
sor processing for amplifying the sound pressure signal is
performed. In an area d shown in FIG. 11 where the value
of the engine speed detected by the rotation sensor 31 is
large (at high-speed time), the value of the throttle opening
detected by the opening sensor 32 is large (at high-load
time), or both of these values are large (at high-speed
high-load time), reverberator processing is performed. Thus,
at the low-speed low-load time, the sound pressure signal is
amplified. At other times, a reverberation effect is exerted on
the intake sound output from the speakers such that the
occupants feel the intake sound being prolonged and con-
tinuing.

The digital signal processed by the signal processing
section 24 is converted to an analog signal by the D/A
converter 26, the analog signal is amplified by the amplifier
27, and the amplified signal is sent to the speakers 28a and
28b, to thereby output intake sound therefrom. The speaker
28a and 28b are separately installed at the left and right of
the front of the vehicle body 11. As shown in FIG. 1, the
speaker 28a is installed inside a glove compartment pro-
vided at the left of a dashboard which is located at the front
of'the vehicle body 11, and the speaker 285 is installed inside
a wall panel provided on the right side of the dashboard. The
speakers 28a and 285 are disposed in such orientation that
the sound produced by each speaker propagates in a direc-
tion from the engine 12 toward the cabin.

The control section 30 is connected to the memory section
35 which stores a control program for controlling the vehicle
sound generation apparatus 20 and various types of data.
The control section 30 executes the control program stored
in the memory section 35 on the basis of the signals received
from the sensors which will be described later. The rotation
sensor 31 is installed on the engine 12 in order to detect the
rotational speed of the engine 12, to thereby send to the
control section 30 a signal representing the detected rota-
tional speed. The opening sensor 32 is installed on the shaft
of the throttle valve in order to detect the rotational angle of
the shaft as the opening of the throttle valve, to thereby send
to the control section 30 a signal representing the detected
throttle valve opening.

The vehicle speed sensor 33 is installed at the front of a
transmission in order to detect the traveling speed of the
automobile 10, to thereby send to the control section 30 a
signal representing the detected traveling speed. The opera-
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tion section 34 is disposed on the surface of the dashboard,
and includes a selector switch, three push-button switches,
and other controls. By operating the selector switch, the
driver can select a desired filter from among the filters
included in the filter 25. Notably, the driver can operate this
selector switch such that no filter is selected. The three
push-button switches correspond to the maps 25a, 255, and
25¢. By turning ON/OFF these switches, the driver can
determine whether to perform the relevant types of process-
ing by use of the maps 254, 255, and 25¢.

The remaining controls include a main switch for turning
ON/OFF the vehicle sound generation apparatus 20, a con-
trol for adjusting the overall volume of the speakers 28a and
28b, and a control for adjusting localization of sound by
changing the sound balance between the sound output from
the speaker 28a and the sound output from the speaker 285.
In addition, the selector switch and other controls of the
operation section 34 can be remotely operated by radio. For
example, various types of switching operations can be
performed by use of a cellular phone. The data in the signal
processing section 24 can be rewritten via a communication
means such as a cellular phone.

Next, there will be described a driver’s operation for
operating the vehicle sound generation apparatus 20 in order
to cause the speakers 28a and 285 to output the intake sound
of the engine 12 during travelling of the automobile 10
configured as mentioned above, and control which is per-
formed by the control section 30 so as to operate the vehicle
sound generation apparatus 20. First, the driver operates the
selector switch of the operation section 34 in order to select
a desired filter from among the filters included in the filter
25, and operates the three push-button switches of the
operation section 34 in order to determine whether to
perform the relevant types of processing in accordance with
the maps 254, 255, and 25c¢. In addition, setting is performed
so0 as to render the level of the pressure signal output from
the second pressure sensor 215 lower than the level of the
pressure signal output from the first pressure sensor 21a.

Next, the driver sets the starting switch to the ON state in
order to start the engine 12, and sets the main switch of the
vehicle sound generation apparatus 20 to the ON state. Next,
the driver steps on an accelerator pedal in order to cause the
automobile 10 to travel. The control section 30 determines
a predetermined value from each of the maps 25a, 255, and
25¢ on the basis of the detected values received from the
rotation sensor 31 and the opening sensor 32, and adds the
determined predetermined value(s) to the filter that the
driver has selected from among the filters included in the
filter 25. Thus, the pressure signals output from the first
pressure sensor 21a and the second pressure sensor 215 are
processed by the signal processing section 24, whereby each
of the speakers 28a and 28b produces the sound which
changes in accordance with the filter characteristic used in
the processing performed by the signal processing section
24.

The intake sound output from the speakers 28a and 285
changes with the pressures detected by the first pressure
sensor 21a and the second pressure sensor 215, the engine
speed (the rotational speed of the engine 12) detected by the
rotation sensor 31, and the throttle valve opening detected by
the opening sensor 32. Notably, in the case where the
selector switch of the operation section 34 is set such that
none of the filters included in the filter 25 is selected and all
the three push-button switches of the operation section 34
are set to the OFF state, the sound pressure signal is not
processed, whereby intake sound is output from the speakers
28a and 2854 on the basis of the pressure signals output from
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the first pressure sensor 21a and the second pressure sensor
21b. Notably, in a state in which all the windows of the
automobile 10 are closed, the intake sound output from the
speakers 28a and 285 hardly leaks out of the automobile 10,
and can be heard only by the occupants in the cabin.

As mentioned above, in the vehicle sound generation
apparatus 20 according to the present embodiment, the first
pressure sensor 21a is provided on the intake duct 15 to be
located in the vicinity of the air flow meter 18, and the
second pressure sensor 215 is provided on the outer wall
surface of the surge tank 14. By virtue of this, not only intake
pulsation occurring upstream of the throttle body 17 but also
intake pulsation occurring downstream thereof can be
detected. As a result, the intake sound output from the
speakers 28a and 28b can change with not only the quantity
of the air passing through the air cleaner 16 but also the
pulsation occurring due to operation of the engine 12.

During normal traveling of the automobile 10, the speak-
ers 28a and 286 output a sound which is produced on the
basis of the pressure signal obtained by mixing the pressure
signal output from the second pressure sensor 215 and the
pressure signal output from the first pressure sensor 21a. In
contrast, when the automobile 10 is decelerating, idling, or
under low load, the speakers 284 and 286 output a sound
which is produced on the basis of mainly the pressure signal
output from the second pressure sensor 215. Thus, the intake
sound output from the speakers 28a and 285 is rendered
similar to the actual intake sound of the engine 12. As
described above, even when the throttle valve in the throttle
body 17 is closed (e.g., when the automobile is decelerating,
idling, or under low load), the speakers 284 and 285 can
output the sound which is produced on the basis of the
pulsation of the engine 12.

Notably, the distance between the air flow meter 18 and
the center of the base end portion 154 of the communication
portion 29a, which connects the first pressure sensor 21a to
the intake duct 15, was determined through an experiment.
Preferably, this distance is equal to or less than 20 cm. In this
experiment, in the case where the length of the intake duct
15 was set to the minimum length of 40 cm, an good result
was obtained when the distance between the air flow meter
18 and the center of the base end portion 154 of the
communication portion 29a was set to 20 cm or less. In the
case where the length of the intake duct 15 is 40 cm or more,
the distance between the air flow meter 18 and the center of
the base end portion 15a of the communication portion 29a
may be increased to 20 cm or more. Even in this case, a good
result was obtained by connecting the communication por-
tion 294 to a portion of the intake duct 15 which is closer to
the air flow meter 18 in relation to the center of the intake
duct 15.

In the present embodiment, pressure sensors whose sen-
sitivity range is 1 Hz to 2 kHz are employed as the first
pressure sensor 21a and second pressure sensor 215. The
first pressure sensor 21a is connected to an upper portion of
the circumferential wall of the intake duct 15 by use of the
tube 29¢, and the length of the communication portion 29a
is set to 4 cm or less. The second pressure sensor 215 is
connected to the outer wall surface of the surge tank 14 by
use of the tube 294, and the length of the communication
portion 295 is set to 50 cm or less. Thus, by means of using
the first pressure sensor 21a and the second pressure sensor
215 whose sensitivity range is 1 Hz to 2 kHz, the speakers
28a and 284 can output only the sound that the occupants
feel comfortable without outputting the sound that the
occupants feel uncomfortable.
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In addition, by means of setting the length of the com-
munication portion 29a to 4 cm or less, resonance can be
prevented from occurring inside the communication portion
29a. That is, in a tubular body like the communication
portion 29a whose base end portion 154 (on the intake duct
15 side) is open and whose distal end is closed by the first
pressure sensor 214, resonance occurs when the length of the
tubular body is %4 of the wavelength or longer. Therefore, by
means of setting the length of the communication portion
29aq to less than 4 cm, it can be rendered shorter than V4 of
the wavelength of a sound wave having a required fre-
quency. Thus, resonance can be prevented from occurring.
In addition, by means of indirectly connecting the first
pressure sensor 21a to the intake duct 15 by use of the
communication portion 29q, an adverse effect can be pre-
vented from being exerted on detection of the intake air
pressure by the first pressure sensor 21a.

Meanwhile, since the second pressure sensor 215 is
located in the vicinity of the engine 12, the second pressure
sensor 215 is likely to pick up (detect) rough sound gener-
ated due to pulsation of the engine 12. To solve this problem,
the length of the communication portion 295 between the
outer wall surface of the surge tank 14 and the pressure
sensing portion of the second pressure sensor 215 is
increased to 50 cm so as to abate the rough sound generated
due to pulsation of the engine 12. The results of an experi-
ment show that a good result can be obtained when the
length of the communication portion 295 is between 4 cm
and 50 cm. In addition, since the communication portion 29a
extends upward from the upper portion of the circumferen-
tial wall of the intake duct 15, oil accumulated inside the
intake duct 15 can be prevented from flowing toward the first
pressure sensor 21a. In addition, since the first pressure
sensor 21a and the second pressure sensor 215 can measure
both positive and negative pressures, all intake pulsations
can be detected without fail.

In the present embodiment, since signal processing can be
performed by use of the filter characteristics of the filter 25,
gain can be arbitrarily changed at different frequencies. In
addition, since the filter 25 has a plurality of filter charac-
teristics, various kinds of sound can be output from the
speakers 284 and 2854. In addition, by means of using the
sound pressure amplification map (map 25a) for the signal
processing performed by the signal processing section 24,
the levels of the pressure signals output from the first
pressure sensor 21a and the second pressure sensor 215
and/or the gain of the filter 25 can be increased throughout
the entire frequency range. By virtue of this, the speakers
28a and 28b can reproduce in the cabin the intake sound
whose attenuation characteristic and transmission loss are
similar to those of the actual intake sound of the engine 12.

In addition, by means of using the gain adjustment map
(map 25b) for the signal processing performed by the signal
processing section 24, the sound pressure signal can be
enhanced in accordance with an order component (a fre-
quency component) determined from the engine speed. In
addition, by means of using the effector processing map
(map 25¢) for the signal processing performed by the signal
processing section 24, compressor processing can be per-
formed when both the value of the engine speed and the
value of the throttle opening are small (at low-speed low-
load time), and reverberator processing can be performed
when the value of the engine speed is large (at high-speed
time), the value of the throttle opening is large (at high-load
time), or both of these values are large (at high-speed
high-load time).
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As mentioned above, by means of performing the com-
pressor processing or the reverberator processing in accor-
dance with the operation state of the automobile 10, the
sound pressure can be enhanced or a reverberation effect can
be exerted on the intake sound output from the speakers 28a
and 285 such that the occupants feel the intake sound being
prolonged and continuing. In addition, since the speakers
28a and 28b are separately disposed at the left and right of
the dashboard which is provided at the front of the vehicle
body 11 such that the sound produced by each speaker
propagates in a direction from the engine 12 to the cabin, the
occupants can feel that the intake sound output from the
speakers 28a and 285 comes from the engine 12. As a result,
the occupants can feel this sound to be the actual intake
sound of the engine 12.

Second Embodiment

FIG. 12 shows a vehicle sound generation apparatus 40
according to a second embodiment of the present invention.
The vehicle sound generation apparatus 40 includes a noise
gate processing section 42 and a noise suppression process-
ing section 43. The remaining components of the vehicle
sound generation apparatus 40 are the same as those of the
above-described vehicle sound generation apparatus 20.
Accordingly, in FIG. 12, these components are identified by
the same symbols as those used to identify the correspond-
ing components of the vehicle sound generation apparatus
20. The noise gate processing section 42 performs noise gate
processing on the sound pressure signal output from the
mixer 22. The purpose of the noise gate processing is to
reduce noise. Specifically, in the case where the level of the
input signal is lower than a predetermined threshold level,
the gain of the frequency spectrum is decreased in order to
close the gate. In contrast, in the case where the level of the
input signal is equal to or higher than the threshold level, the
gate is opened so as to send the input signal to the A/D
converter 23. Namely, the noise gate processing section 42
performs processing in which sound whose level is lower
than a predetermined level is removed as noise. The elec-
trical signal sent to the A/D converter 23 converter is
converted to a digital signal therein, and the digital signal is
sent to the noise suppression processing section 43. Notably,
the noise gate processing may be performed on the digital
signal.

The noise suppression processing section 43 performs
noise suppression processing on the electrical signal con-
verted to the digital signal by the A/D converter 23. In this
noise suppression processing, the electrical signal is pro-
cessed through use of an FFT (Fast Fourier Transform)
algorithm. Specifically, data representing the signal received
from the A/D converter 23 and data representing the noise
appearing at predetermined intervals are Fourier-trans-
formed in order to obtain their transformed values. The
transformed value of the noise data is subtracted from the
transformed value of the signal data, and then the resultant
value is inversely transformed to the original signal data, to
thereby remove noise. In this case, a signal in the time
domain is transformed to a signal in the frequency domain,
noise contained in this signal is estimated, the noise is
removed from the signal in the frequency domain, and then
the signal in the frequency domain is inversely transformed
to a signal in the time domain. By means of performing the
above-mentioned so-called spectral subtraction processing,
a noise-free electrical signal can be obtained. This electrical
signal is sent to the signal processing section 24. Notably,
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needless to say, noise suppression processing other than the
spectral subtraction processing may be used.

All components of the vehicle sound generation apparatus
40 other than the noise gate processing section 42 and the
noise suppression processing section 43 have the same
functions as those of the corresponding components of the
above-described vehicle sound generation apparatus 20. The
vehicle sound generation apparatus 40 configured as men-
tioned above can remove or suppress the noise in an unnec-
essary frequency range, which is contained in the intake
sound output from the speakers 28a and 284, to thereby
generate natural intake sound. The remaining actions and
effects of the vehicle sound generation apparatus 40 are the
same as those of the above-described vehicle sound genera-
tion apparatus 20. Notably, in the above-described second
embodiment, both the noise gate processing section 42 and
the noise suppression processing section 43 are included in
the vehicle sound generation apparatus 40; however, either
one of these components may be omitted. In addition, the
noise gate processing and/or the noise suppression process-
ing may be performed on either an analog signal or a digital
signal.

Third Embodiment

FIG. 13 shows a vehicle sound generation apparatus 50
according to a third embodiment of the present invention.
The vehicle sound generation apparatus 50 includes an
acceleration sensor 51 in place of the rotation sensor 31, the
opening sensor 32, and the vehicle speed sensor 33 included
in the above-described vehicle sound generation apparatus
40. The acceleration sensor 51 may be installed, for
example, at the center of the bottom of the vehicle body 11
of the automobile 10 shown in FIG. 1. The remaining
components of the vehicle sound generation apparatus 50
are the same as those of the above-described vehicle sound
generation apparatus 40. Accordingly, these components are
identified by the same symbols as those used to identify the
corresponding components of the vehicle sound generation
apparatus 40, and specific descriptions thereof are omitted.

Since the vehicle sound generation apparatus 50 includes
the acceleration sensor 51 as mentioned above, the control
section 30 can perform sound pressure amplification pro-
cessing on the pressure signals output from the first pressure
sensor 21a and the second pressure sensor 215, or increase
the gain of the filter for processing the pressure signals
output from the first pressure sensor 21a and the second
pressure sensor 215 throughout the entire frequency range,
on the basis of the value of acceleration detected by the
acceleration sensor 51. In this case, in accordance with
acceleration of the automobile 10, the filter 25, the map 25a,
and so on are used to determine the frequency range where
gain is to be increased or decreased, and/or to increase the
levels of the output signals of the first pressure sensor 21a
and the second pressure sensor 2156 and the gain of the filter
25 throughout the entire frequency range. In addition, since
the acceleration sensor 51 can be installed at an arbitrary
position in the vehicle, neither modification of the automo-
bile 10 nor complicated wiring is required, thereby facili-
tating installation thereof. The remaining actions and effects
of the vehicle sound generation apparatus 50 are the same as
those of the above-described vehicle sound generation appa-
ratus 40.

Fourth Embodiment

FIG. 14 shows a vehicle sound generation apparatus 60 of
a fourth embodiment of the present invention. The vehicle
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sound generation apparatus 60 includes a first pressure
sensor 61a and a second pressure sensor 615, but does not
include the rotation sensor 31, the opening sensor 32, and the
vehicle speed sensor 33 included in the vehicle sound
generation apparatus 40 according to the above-described
second embodiment. The second pressure sensor 615 is
connected not only to the mixer 22 but also to the control
section 30. The remaining components of the vehicle sound
generation apparatus 60 are the same as those of the vehicle
sound generation apparatus 40. Accordingly, these compo-
nents are identified by the same symbols as those used to
identify the corresponding components of the vehicle sound
generation apparatus 40, and specific descriptions thereof
are omitted.

In the present embodiment, by means of connecting the
second pressure sensor 615 to the control section 30 via the
noise gate processing section 42, the A/D converter 23, the
noise suppression processing section 43, and so on, an AC
component signal can be sent to the control section 30,
whereby the control section 30 can recognize the rotational
speed of the engine 12. In addition, by means of directly
connecting the second pressure sensor 615 to the control
section 30, a DC component signal can be sent to the control
section 30, whereby the control section can recognize the
load acting on the engine 12. In this case, a portion of the
pressure signal output from the second pressure sensor 615
is passed through a filter (unillustrated) for removing the DC
component and allowing only AC components to pass
therethrough. As a result, the DC component is removed,
and only the AC components are sent to the mixer 22. The
remaining portion of the pressure signal output from the
second pressure sensor 615 is passed through a filter (uni-
llustrated) for removing the AC components and allowing
only the DC component to pass therethrough. As a result, the
AC components are removed, and only the DC component
is sent to the control section 30.

The AC component signal is subjected to noise suppres-
sion processing in the noise suppression control section 43,
thereby becoming a signal which allows the control section
30 to recognize the rotational speed of the engine 12. In this
case, since the frequency range where noise exists is
removed and only the frequency range where intake sound
exists remains, whereby the control section 30 can recognize
the rotational speed of the engine 12 more reliably. Mean-
while, the DC component signal is sent directly to the
control section 30, thereby becoming a signal which allows
the control section 30 to recognize the load acting on the
engine 12. By means of determining the operation state of
the engine 12 from the above-described information (sig-
nals), the control section 30 can increase or decrease the
sound pressure appropriately. In this case, the filter 25, the
map 25a, and so on are used to determine the frequency
ranges where gain is to be increased or decreased, and/or to
increase the gain of the filter 25 throughout the entire
frequency range in accordance with the output signals of the
first pressure sensor 61a and the second pressure sensor 615.

The vehicle sound generation apparatus 60 requires less
sensors, thereby becoming simpler in configuration and
cheaper. The remaining actions and effects of the vehicle
sound generation apparatus 60 are the same as those of the
vehicle sound generation apparatus 40 according to the
above-described second embodiment. Notably, in modifica-
tions of the fourth embodiment, the vehicle sound genera-
tion apparatus 60 may include the rotation sensor 31, the
opening sensor 32, and the vehicle speed sensor 33 included
in the vehicle sound generation apparatus 40 according to
the second embodiment; or the acceleration sensor 51
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included in the vehicle sound generation apparatus 50
according to the third embodiment.

Fifth Embodiment

FIG. 15 is a schematic view showing the position of a
second pressure sensor 715 included in the vehicle sound
generation apparatus according to a fifth embodiment of the
present invention. In the present embodiment, a plurality of
(four) throttle bodies 774, which constitute the throttle valve
according to the present invention, are disposed between an
engine 72 and a surge tank 74, and no throttle body is
disposed upstream of the surge tank 74. The four throttle
bodies 77a are of an independent throttle type, and form a
unit. A throttle valve 775 is provided in each of the throttle
bodies 77a. The four throttle valves are operated, in syn-
chronism with each other, by use of a single motor (unil-
lustrated) and a single throttle shaft 77¢. Internal spaces of
the throttle bodies 77a communicate with each other via a
balance pipe portion 77d provided downstream of the
throttle valves 77b. A second pressure sensor 71d is disposed
on the balance pipe portion 77d.

At the end of the throttle shaft 77¢, there is provided an
opening sensor 78 for detecting the opening of the throttle
valves 77b. The remaining components of the vehicle sound
generation apparatus according to the fifth embodiment and
the automobile including the vehicle sound generation appa-
ratus are the same as those of the above-described first
embodiment. Accordingly, these components are identified
by the same symbols as those used to identify the corre-
sponding components of the first embodiment, and specific
descriptions thereof are omitted.

Even in the case of the automobile having independent
throttle bodies 77, the apparatus according to the present
embodiment allows the occupants in the cabin to clearly
hear the intake sound of the engine 72 produced in accor-
dance with the operation state which changes as a result of
the operation performed by the driver, while radiating the
intake sound to the outside of the vehicle at a low level. In
addition, by means of providing the second pressure sensor
71b on the balance pipe portion 77d, there can be detected
pulsating components of all cylinders connected together via
the balance pipe portion 77d of the engine 72. The remaining
actions and effects of the vehicle sound generation apparatus
according to the fiftth embodiment are the same as those of
the vehicle sound generation apparatus 20 according the first
embodiment.

Notably, in a modification of the fifth embodiment, the
vehicle sound generation apparatus may include the noise
gate processing section 42 and the noise suppression pro-
cessing section 43 which are included in the vehicle sound
generation apparatus 40 of the second embodiment. In other
modifications, the vehicle sound generation apparatus may
include the acceleration sensor 51 included in the vehicle
sound generation apparatus 50 according to the third
embodiment in place or the rotation sensor 31, the opening
sensor 32, and the vehicle speed sensor 33, or may be
configured such that, just like in the fourth embodiment, the
second pressure sensor 715 is connected to the mixer 22 and
the control section 30 without providing the rotation sensor
31, the opening sensor 32, and the vehicle speed sensor 33.
According to these modifications, the actions and effects of
the vehicle sound generation apparatus according to one of
the second to fourth embodiments are added to those of the
vehicle sound generation apparatus according to the fifth
embodiment.
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Sixth Embodiment

FIG. 16 is a schematic view showing the positions of a
first pressure sensor 81a and a second pressure sensor 815
included in the vehicle sound generation apparatus accord-
ing to a sixth embodiment of the present invention. The
vehicle on which the vehicle sound generation apparatus
according to the present embodiment is mounted includes a
turbo charger 82 which includes a compressor 82a and a
turbine 825. An air cleaner 86 is connected to an engine 83
via an intake manifold 84 and an intake duct 85. A throttle
body 87 is disposed at a connection portion between the
intake manifold 84 and the intake duct 85. An intercooler 88
and the compressor 82a are disposed in the middle of the
intake duct 85. An air flow meter 89 is disposed at an end of
the intake duct 85 where the air cleaner 86 is provided.

An exhaust duct 92 is connected to the exhaust side of the
engine 83 via the exhaust manifold 91. The turbine 825 is
disposed upstream of the exhaust duct 92, and a catalyst 93
is disposed downstream thereof. A part of the exhaust duct
92 located upstream of the turbine 824 is connected to a part
of the exhaust duct 92 located downstream of the turbine 824
via a bypass 92a. A waste gate 94 is provided in the bypass
92a. The compressor 82a provided in the intake duct 85 and
the turbine 826 provided in the exhaust duct 92 are con-
nected together via a connecting shaft 82¢, to thereby
constituting the turbo charger 82.

The compressor 82a compresses the air that has passed
through the air cleaner 86, and feeds the compressed air to
the intercooler 88. The intercooler 88 cools the air that has
become hot while passing through the compressor 82a, to
thereby increase the density of air. The air that has passed
through the intercooler 88 is fed to the engine 83 via the
throttle body 87 and the intake manifold 84. Meanwhile,
exhaust gas generated as a result of combustion of an air-fuel
mixture within the engine 83 is fed to the turbine 824 via the
exhaust manifold 91. This exhaust gas causes the turbine
826 to rotate, thereby allowing the compressor 82a to supply
more air to the engine 83.

The waste gate 94 is employed to control rotation of the
turbine 82b. Specifically, the waste gate 94 allows part of
exhaust gas to flow into the bypass 92a as required, to
thereby prevent exhaust gas from being fed to the turbine
825 excessively. The catalyst 93 removes harmful compo-
nents contained in exhaust gas through reduction and oxi-
dation. The purified exhaust gas is discharged out of the
downstream end of the exhaust duct 92. The remaining
components of the vehicle sound generation apparatus
according to the sixth embodiment and the automobile in
which the vehicle sound generation apparatus is installed are
the same as those of the above-described first embodiment.

Even in the case of the automobile having the turbo-
charger 82, the apparatus according to the present embodi-
ment allows the occupants in the cabin to clearly hear the
intake sound of the engine 83 produced in accordance with
the operation state which changes as a result of the operation
performed by the driver, while radiating the intake sound to
the outside of the vehicle at a low level. The first pressure
sensor 81a may be disposed on a side of the intake duct 85
where the compressor 82a is provided. Even in this case, the
first pressure sensor 81a is disposed on the intake duct 85 at
a position closer to the air cleaner 86 in relation to the
midpoint of the intake duct 85, which is located between the
air cleaner 86 and the throttle body 87.

Thus, the first pressure sensor 81a can effectively detect
the pressure change of intake pulsation without being influ-
enced by the sound coming from outside the vehicle and the
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operating sound of the engine. Meanwhile, the operating
sound of the engine is detected by the second pressure sensor
814. Thus, the sound heard by the occupants in the cabin
becomes similar to the actual intake sound of the engine. In
this case, since the turbo charger 82 is provided, the pro-
duced intake sound of the engine becomes more powerful.
The remaining actions and effects of the vehicle sound
generation apparatus according to the sixth embodiment are
the same as those of the vehicle sound generation apparatus
according to the first embodiment.

Notably, in a modification of the sixth embodiment, the
vehicle sound generation apparatus may include the noise
gate processing section 42 and the noise suppression pro-
cessing section 43 which are included in the vehicle sound
generation apparatus according to the second embodiment.
In other modifications, the vehicle sound generation appa-
ratus may include the acceleration sensor 51 included in the
vehicle sound generation apparatus 50 according to the third
embodiment in place of the rotation sensor 31, the opening
sensor 32, and the vehicle speed sensor 33, or may be
configured such that, just like in the fourth embodiment, the
second pressure sensor 715 is connected to the mixer 22 and
the control section 30 without providing the rotation sensor
31, the opening sensor 32, and the vehicle speed sensor 33.
According to the above-described modifications, the actions
and effects of the vehicle sound generation apparatus
according to one of the second to fourth embodiments are
added to those of the vehicle sound generation apparatus
according to the sixth embodiment.

The vehicle sound generation apparatus according to the
present invention is not limited to the above-described
embodiments, and may be changed freely. For example, in
the above-described embodiments, the automobile 10 is an
FF or FR vehicle; however, an automobile 100, which is an
MR (midship engine, rear-wheel-drive) vehicle or an RR
(rear-engine, rear-wheel-drive) vehicle shown in FIG. 17,
may be employed in place of the automobile 10. In the
automobile 100, a pair of speakers 1084 and 1085 are
separately installed at the left and right of the back of a rear
seat in the vehicle body 101. The speakers 108a and 1085
are disposed in such orientation that the sound produced by
each speaker propagates in a direction from the engine 102
toward the cabin.

A rotation sensor 103 is provided on the engine 102. The
remaining components of the vehicle sound generation
apparatus included in the automobile 100 are the same as
those of the above-described automobile 20. In the automo-
bile 100, the speakers 108a and 1085 are separately disposed
at the left and right of the back of the rear seat in a vehicle
body 101 such that the sound produced by each speaker
propagates in a direction from the engine 102 disposed at the
back of the vehicle body 101 toward the cabin. By virtue of
this, the occupants can feel that the intake sound output from
the speakers 108a and 1085 comes from the engine 102. As
a result, the occupants can feel this sound to be the actual
intake sound of the engine 102.

The number of speakers included in the vehicle sound
generation apparatus according to the present invention may
be odd or even. When an odd number of speakers are used,
preferably, a speaker is disposed at the center of the vehicle
in the widthwise direction. This prevents the intake sound
from coming from either the left or right side of the vehicle,
thereby improving the localization of sound. Speakers may
be disposed in hidden spaces, such as inside the dashboard
provided at the front of the cabin of the vehicle, or exposed
spaces in the cabin. However, preferably, each speaker is
secured directly to a vehicle-body-side portion, for example,
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the wall panel of the dashboard. By doing so, the occupants
feel that the intake sound comes from a deeper position in
the vehicle body and is changing naturally. In addition,
propagation of vibrations through the vehicle body allows
the occupants to feel the intake sound coming from every
part of the vehicle body.

The above-described speaker 28a, 285, etc. may be pro-
vided as dedicated speakers of the vehicle sound generation
apparatus 20, etc., or may be the speakers of audio equip-
ment provided in the automobile 10, etc. In the above-
described first and second embodiments, the signal process-
ing section 24 performs processing of changing the level of
the sound pressure signal by use of two parameters; i.e., the
engine speed detected by the rotation sensor 31 and the
throttle opening detected by the opening sensor 32. How-
ever, the signal processing section 24 may perform this
processing by using, as an additional parameter, the travel-
ing speed of the automobile detected by the vehicle speed
sensor 33.

In the above-described embodiments, the vehicle sound
generation apparatus includes a single first pressure sensor
and a single second pressure sensor. However, the vehicle
sound generation apparatus may include a plurality of first
pressure sensors and/or a plurality of second pressure sen-
sors. In this case, the first pressure sensors may be disposed
on the circumferential wall of the intake duct such that they
are lined in the circumferential direction or in the longitu-
dinal direction of the intake duct. Preferably, the second
pressure sensors are disposed on an outer wall surface of the
surge tank, etc. such that they are spaced from one another.
By doing so, the pressure signal can be amplified, and
sounds corresponding to various portions of the engine can
be produced.

The invention claimed is:

1. A vehicle sound generation apparatus for transmitting
an intake sound of an engine of a vehicle to an occupant in
the vehicle, characterized by comprising:

a first pressure sensor which is provided on an intake duct,
the intake duct connects an air cleaner provided on a
side of the intake duct toward an intake port that
introduces external air and a throttle body provided on
a side of the intake duct toward the engine, the first
pressure sensor being located on the air cleaner side of
a midpoint between the air cleaner and a throttle valve
provided in the throttle body, detecting pressure of
intake pulsation of the engine, and outputting a pres-
sure signal representing the detected pressure;

a second pressure sensor which is provided between the
engine and the throttle valve and which detects the
pressure of the intake pulsation of the engine and
outputs a pressure signal representing the detected
pressure;

a signal processor which performs processing of changing
the pressure signals output from the first and second
pressure sensors in accordance with an operation state
of the vehicle;

a speaker disposed in the vehicle and outputting the
pressure signals processed by the signal processor as
the intake sound of the engine; and

a noise gate processor which performs noise gate pro-
cessing on the pressure signals before being processed
by the signal processor.

2. A vehicle sound generation apparatus according to
claim 1, further comprising a noise suppression processor
which performs noise suppression processing on the pres-
sure signals before or after being processed by the signal
processor.
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3. A vehicle sound generation apparatus according to
claim 1, further comprising a filter prepared on the basis of
a relation between frequency and gain, wherein the signal
processor performs the processing of changing the pressure
signals by using the filter.

4. A vehicle sound generation apparatus according to
claim 1, wherein an air flow meter that detects the flow rate
of air is provided on the intake duct to be located in the
vicinity of and on the downstream side of the air cleaner, and
the first pressure sensor is provided at a position which is
offset from the air flow meter toward the throttle valve by an
amount of 20 cm or less.

5. A vehicle sound generation apparatus according to
claim 1, further comprising a communication portion which
extends outward from a circumferential wall of the intake
duct, wherein a pressure sensing portion of the first pressure
sensor is disposed at a distal end of the communication
portion, and a passage length of the communication portion
between its base end portion on the intake duct side and the
pressure sensing portion of the first pressure sensor is set to
a length equal to or less than a length which causes reso-
nance of the communication portion.

6. A vehicle sound generation apparatus according to
claim 5, further comprising a communication portion which
extends outward from a portion which is located between the
engine and the throttle valve and to which the second
pressure sensor is attached, wherein a pressure sensing
portion of the second pressure sensor is disposed at a distal
end of the communication portion, and a passage length of
the communication portion between its base end portion and
the pressure sensing portion of the second pressure sensor is
set to a length equal to or greater than the passage length of
the communication portion for the first pressure senor
between the base end portion and the pressure sensing
portion of the first pressure sensor.

7. A vehicle sound generation apparatus according to
claim 6, wherein the passage length of the communication
portion between the base end portion and the pressure
sensing portion of the second pressure sensor is set to a
length between 4 cm and 50 cm.

8. A vehicle sound generation apparatus according to
claim 1, wherein each of the first pressure sensor and the
second pressure sensor measures both of positive and nega-
tive pressures.

9. A vehicle sound generation apparatus according to
claim 1, wherein the DC component of a signal output from
the first pressure sensor is removed by a filter.

10. A vehicle sound generation apparatus according to
claim 1, wherein the engine is an independent throttle type
in which throttle bodies are independently provided for
cylinders, the throttle bodies communicate with one another
through a balance pipe portion on the downstream side of the
throttle valves provided in the throttle bodies, and the second
pressure sensor is provided on the balance pipe portion.

11. A vehicle sound generation apparatus according to
claim 1, wherein the engine has a turbo charger including a
compressor located at an intermediate portion of the intake
duct, and the first pressure sensor is provided at a position
between the compressor and the air cleaner.

12. A vehicle sound generation apparatus according to
claim 1, wherein the second pressure sensor outputs a
pulsating signal including an AC component and a DC
component.

13. A vehicle sound generation apparatus for transmitting
an intake sound of an engine of a vehicle to an occupant in
the vehicle, characterized by comprising:
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a first pressure sensor which is provided on an intake duct,
the intake duct connects an air cleaner provided on a
side of the intake duct toward an intake port that
introduces external air and a throttle body provided on
a side of the intake duct toward the engine, the first
pressure sensor being located on the air cleaner side of
a midpoint between the air cleaner and a throttle valve
provided in the throttle body, detecting pressure of
intake pulsation of the engine, and outputting a pres-
sure signal representing the detected pressure;

a second pressure sensor which is provided between the
engine and the throttle valve and which detects the
pressure of the intake pulsation of the engine and
outputs a pressure signal representing the detected
pressure;

a signal processor which performs processing of changing
the pressure signals output from the first and second
pressure sensors in accordance with an operation state
of the vehicle;

a speaker disposed in the vehicle and outputting the
pressure signals processed by the signal processor as
the intake sound of the engine; and

a rotation sensor that detects a rotational speed of the
engine, an opening sensor that detects an opening of the
throttle valve, and a sound pressure amplification map
prepared on the basis of a relation between the rota-
tional speed of the engine detected by the rotation
sensor and the throttle opening detected by the opening
sensor, wherein the signal processor performs sound
pressure amplification processing on the pressure sig-
nals by using the sound pressure amplification map.

14. A vehicle sound generation apparatus for transmitting

an intake sound of an engine of a vehicle to an occupant in
the vehicle, characterized by comprising:

a first pressure sensor which is provided on an intake duct,
the intake duct connects an air cleaner provided on a
side of the intake duct toward an intake port that
introduces external air and a throttle body provided on
a side of the intake duct toward the engine, the first
pressure sensor being located on the air cleaner side of
a midpoint between the air cleaner and a throttle valve
provided in the throttle body, detecting pressure of
intake pulsation of the engine, and outputting a pres-
sure signal representing the detected pressure;

a second pressure sensor which is provided between the
engine and the throttle valve and which detects the
pressure of the intake pulsation of the engine and
outputs a pressure signal representing the detected
pressure;

a signal processor which performs processing of changing
the pressure signals output from the first and second
pressure sensors in accordance with an operation state
of the vehicle;

a speaker disposed in the vehicle and outputting the
pressure signals processed by the signal processor as
the intake sound of the engine; and

A a rotation sensor that detects a rotational speed of the
engine and a gain adjustment map which is prepared on
the basis of a relation between frequency and gain,
wherein the signal processor obtains a frequency from
the rotational speed of the engine detected by the
rotation sensor and the number of cylinders of the
engine, and adjusts a gain for the pressure signals by
using the obtained frequency and the gain adjustment
map.
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15. A vehicle sound generation apparatus for transmitting
an intake sound of an engine of a vehicle to an occupant in
the vehicle, characterized by comprising:

a first pressure sensor which is provided on an intake duct,
the intake duct connects an air cleaner provided on a
side of the intake duct toward an intake port that
introduces external air and a throttle body provided on
a side of the intake duct toward the engine, the first
pressure sensor being located on the air cleaner side of
a midpoint between the air cleaner and a throttle valve
provided in the throttle body, detecting pressure of
intake pulsation of the engine, and outputting a pres-
sure signal representing the detected pressure;

a second pressure sensor which is provided between the
engine and the throttle valve and which detects the
pressure of the intake pulsation of the engine and
outputs a pressure signal representing the detected
pressure;

a signal processor which performs processing of changing
the pressure signals output from the first and second
pressure sensors in accordance with an operation state
of the vehicle;

a speaker disposed in the vehicle and outputting the
pressure signals processed by the signal processor as
the intake sound of the engine; and

a rotation sensor that detects a rotational speed of the
engine, an opening sensor that detects an opening of the
throttle valve, and an effector processing map which is
prepared on the basis of a relation between the rota-
tional speed of the engine detected by the rotation
sensor and the throttle opening detected by the opening
sensor and which has a compressor processing region
and a reverberator processing region, wherein the sig-
nal processor performs compressor processing or rever-
berator processing on the pressure signals by using the
effector processing map.

16. A vehicle sound generation apparatus according to
claim 15, wherein the compressor processing is performed
when both of the value of the rotational speed of the engine
detected by the rotation sensor and the value of the throttle
opening detected by the opening sensor are small, and
reverberator processing is performed when one or both of
the value of the rotational speed of the engine detected by
the rotation sensor and the value of the throttle opening
detected by the opening sensor are large.

17. A vehicle sound generation apparatus for transmitting
an intake sound of an engine of a vehicle to an occupant in
the vehicle, characterized by comprising:

a first pressure sensor which is provided on an intake duct,
the intake duct connects an air cleaner provided on a
side of the intake duct toward an intake port that
introduces external air and a throttle body provided on
a side of the intake duct toward the engine, the first
pressure sensor being located on the air cleaner side of
a midpoint between the air cleaner and a throttle valve
provided in the throttle body, detecting pressure of
intake pulsation of the engine, and outputting a pres-
sure signal representing the detected pressure;

a second pressure sensor which is provided between the
engine and the throttle valve and which detects the
pressure of the intake pulsation of the engine and
outputs a pressure signal representing the detected
pressure;

a signal processor which performs processing of changing
the pressure signals output from the first and second
pressure sensors in accordance with an operation state
of the vehicle;
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a speaker disposed in the vehicle and outputting the
pressure signals processed by the signal processor as
the intake sound of the engine; and

an acceleration sensor that detects an acceleration of the
vehicle, and a sound pressure amplification map which 5
is prepared on the basis of the acceleration of the
vehicle detected by the acceleration sensor, wherein the
signal processor performs sound pressure amplification
processing on the pressure signals by using the sound
pressure amplification map. 10
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